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(57) ABSTRACT

An apparatus, system, and method for discovering a path
MTU in a data communication network, wherein a path MTU
option header 1s included 1n a signal message or first data
packet and thus a MTU suitable for a routing path can be
determined. A network apparatus for discovering a path MTU
maximum transmission unit (MTU) 1n a data communication
network, including a MTU-comparing unit MTU-comparer
detecting a path MTU recorded on a predetermined packet
transierred over a routing path between a source node and a
destination node and comparing the detected path MTU with
an 1nternal MTU stored 1n the MTU-comparing unit MTU-
comparer; and an event-processing unit event-processor
updating the path M'TU recorded on the predetermined packet
to contain the internal MTU 11 the detected path MTU 1s larger
than the mternal MTU.

18 Claims, 11 Drawing Sheets
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NETWORK APPARATUS, SYSTEM AND
METHOD FOR DISCOVERING PATH MTU IN
DATA COMMUNICATION NETWORK

This application claims priority of Korean Patent Applica-
tion No. 10-2003-0054477 filed on Aug. 6, 2003 1n the

Korean Intellectual Property Office, the disclosure of which 1s
incorporated herein 1n its entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to a system and a method for
discovering a path maximum transmission unit (MTU) 1n a
data communication network, and more particularly, to a
system and a method for discovering a path MTU 1n which the
path MTU 1s stored 1n a signal message, such as a binding,
update (BU) message, or a header of a general data packet and
the path MTU 1s updated for every packet transmission path.

2. Description of the Related Art

To send a packet to a destination node, a source node
performs fragmentation of the packet into fragmented pack-
ets with a size smaller than the maximum transmission unit
(heremaftter referred to as ‘MTU’) of the source node and
sends the fragmented packets to the destination node, based
on an address system of IPv6 (Internet Protocol version 6). At
this time, the packet fragmentation can be performed only at
the source node and all other nodes on a path cannot perform
such a packet fragmentation. It 1s because a heavy load may
be applied to intermediate nodes 11 the imntermediate nodes,
including routers, are forced to fragment recerved packets
with sizes larger than their own MTUs into packets with the
s1zes of MTUSs and to transmuit the fragmented packets. Thus,
packet fragmentation 1s originally prevented at the interme-
diate nodes.

In this context, an intermediate or destination node that has
received a packet compares the size of the recerved packet
with 1ts own MTU. If the MTU 1s smaller than the packet size,
the intermediate or destination node sends an Internet control
message protocol (ICMP) error message to a source node so
that the source node decreases its own MTU. If a path consists
of 5 terminals including source, destination and intermediate
nodes, ICMP error messages may be created up to four times
at maximum. Every time a message 1s created, the source
node should readjust 1ts own MTU and resend a packet.

FI1G. 1 1s a view 1llustrating a path for transmitting a packet
between source and destination nodes 100 and 140. A data
communication network shown in FIG. 1 consists of the
source node 100, intermediate nodes or routers 110, 120 and
130, and the destination node 140.

The source node 100 generates and sends a packet via the
path. Uponreceipt of an ICMP error message, the source node
decreases 1ts own MTU and resends a resized packet.

Hach of the intermediate nodes or routers 110,120 and 130
compares areceived packet with its own MTU. If the recerved
packet 1s larger than the M'TU, the node or router creates an
ICMP error message and sends it to the source node 100. The
destination node 140 refers to a consumer of the packet gen-
crated by the source node 100.

Here, a MTU for a connection link between nodes 1is
referred to as a link MTU. A MTU {for a path consisting of
several links between the source node 100 and the destination

node 140 1s referred to as a path M'TU. Here, the path MTU

has the minmimum value among link M'TUs between the source
node 100 and the destination node 140. In other words, the

path MTU represents the maximum size of a packet capable
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ol being sent from the source node 100 to the destination node
140 without packet fragmentation.

At this time, under the address system of IPv6, all the nodes
100,110,120, 130 and 140 need to be able to recerve and send
a packet of at least 1,280 bytes and all other nodes on the path
except the source node 100 are not authorized to fragment the
packet.

FIGS. 2 and 3 are diagrams illustrating methods of trans-
mitting a packet from a source node to a destination node in
the related art. In particular, FIG. 2 illustrates a method of
transmitting a packet with a minimum M'TU size, and FIG. 3
illustrates a method of determining a path MTU using an
ICMP error message and transmitting a packet.

As shown 1n FIG. 2, a first node 200 that 1s a source node
generates a packet and then fragments the packet on the basis
of a miimum packet unit (i.e. 1,280 bytes), to send frag-
mented packets to a third node 220 that 1s a destination node.
In other words, each of the nodes 200, 210 and 220 on a path
sends the packets with a size up to 1,280 bytes at maximum
(5230). In this case, a process for discovering a path MTU
may be omitted in the first node 200.

As shown 1n FIG. 3, when the MTU of a first node 300 1s
2,500 bytes, and link MTUSs between first and second nodes
300 and 310 and between second and third nodes 310 and 320
are 2,000 and 1,500 bytes, respectively, the first node 300 that
1s a source node generates a packet and sends a packet to the
second node 310 according to 1ts own MTU (1.e. 2,500 bytes)
(S330). At this time, the second node 310 compares the link
MTU of the received packet (1.e. 2,500 bytes) with that of the
second node 310 (1.e. 2,000 bytes). If the recerved packet 1s
larger than the link MTU, the second node discards the packet
and sends an ICMP error message (Error code=Packet too
big, Acceptable M'TU s1ze=2,000) to the first node 300 so that
the si1ze of a path MTU can be readjusted (5340).

The first node 300 that has received the ICMP error mes-
sage decreases the size of a packet to 2,000 bytes based on the
path MTU information contained 1n the ICMP error message,
and sends the packet with a decreased size to the second node
310 (5350). At this time, the second node 310 forwards the
received packet to the third node 320 since the size of the
received packet (1.e. 2,000 bytes) 1s equal to the link MTU of
the second node (S350). The third node 320 discards the
received packet and sends an ICMP error message (Error
code=Packet too big, Acceptable MTU si1ze=1,500) to the
first node 300 since the link MTU of the recerved packet 1s
larger than that (1.. 1,500 bytes) of the third node 320 (5360).

The first node 300 that has received the ICMP error mes-
sage again decreases the size of a packet to 1,500 bytes and
resends the resultant packet to the third node 320 (S370). At
this time, the second node 310 sends the recerved packe‘[ to the
third node 320 without creating an error message since the
s1ze of the received packet 1s smaller than the link MTU ofthe
second node, and the third node 320 receives the packet from
the second node. The method of transmitting the packet
shown 1n FIG. 3 1s based on the address system of IPv6.

The method illustrated 1n FIG. 2 can be easily implemented
and an ICMP error message (Packet too big) 1s not created
since the first node 200 as the source node 1s adapted to send
a packet with the minmimum MTU (1,280 bytes in this case)
that can be sent by all other nodes. However, since an effective
processing rate (1.e. bandwidth) of the path cannot be maxi-
mally utilized and packets are transmitted 1n a limited man-
ner, throughput on the path 1s deteriorated.

Further, in the method illustrated 1n FIG. 3, the first node
300 as the source node sends a packet to the recerving node
according to 1ts own MTU, and the recerving node compares
the size of the recerved packet with its own link MTU. If the
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packet size 1s larger than the link MTU of the recetving node,
the recerving node sends an ICMP error message (Error

code=Packet too big, Acceptable MTU size=1,500) to the
first node 300. This process 1s repeated until the packet from
the first node 300 reaches the third node 340 that 1s the
destination node.

The path MTU determination method 1llustrated 1n FIG. 3
poses a problem in that a great deal of network resources are
required because a new path MTU determination process
should be performed every time a routing path 1s changed due
to the sending node’s reception of a redirect message from an
intermediate node or router, the breakdown of some nodes, or
the generation of handoil (1.e. call transfer) 1n a mobile com-
munication network.

SUMMARY OF THE INVENTION

The present invention addresses the alorementioned prob-
lems posed by a conventional data communication network.
An aspect of the present invention 1s to provide an effective
network apparatus, system and method for discovering a path
MTU, wherein when a source node moves to a foreign link, a
path MTU 1s determined with only minimum traific and a
packet 1s sent based on the determined path MTU.

Another aspect of the present invention 1s to determine a
suitable path MTU by causing a path MTU option header to
be included 1n a signal message or a first data packet when a
new path MTU should be determined due to change 1n a
routing path, or the like, thereby greatly reducing the number
of times ICMP error messages are transmitted and retrans-
mission of data packets 1n response to the ICMP error mes-
sages, and accordingly minimizing a load on a network and
system during the transmission and retransmission processes.

Furthermore, a further aspect of the present invention is to
enable detection of a path M TU suitable for circumstances by
allowing a user to preset a path MTU detection method for
discovering a path MTU through an external interface or to
use default values of a system.

Consistent with an exemplary aspect of the present mnven-
tion, there 1s provided a network apparatus for discovering a
path MTU 1n a data communication network, comprising a
MTU-comparing unit for detecting a path MTU recorded 1n a
predetermined packet transierred over a routing path between
a source node and a destination node and comparing the
detected path MTU with an internal MTU stored in the MTU-
comparing unit; and an event-processing unit for updating the
path MTU recorded 1n the predetermined packet to be the
internal MTU 11 the detected path MTU 1s larger than the
internal MTU.

An extension header of the predetermined packet with the
path MTU recorded therein may comprise a type field for
representing whether a new path MTU 1s detected; and a path
MTU storage field for storing the new path MTU therein to
update a path MTU 1n the path MTU storage field when the
new path MTU 1s detected.

Further, consistent with another exemplary aspect of the
present invention, there 1s provided a system for discovering
a path MTU 1n a data communication network, comprising a
source node for transmitting a predetermined packet 1in order
to discover a path MTU on a routing path; a destination node
tor recerving the predetermined packet, detecting a path MTU
recorded 1n the predetermined packet, storing the detected
path MTU therein, and transmitting a response to the prede-
termined packet to the source node; and a plurality of inter-
mediate nodes positioned on the routing path between the
source and destination nodes to forward the predetermined
packet.
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In the system, each of the imntermediate nodes may com-
prise a MTU-comparing unit for detecting the path MTU

recorded 1n the predetermined packet forwarded over the
routing path between the source and destination nodes and
comparing the detected path MTU with an internal MTU
stored 1n the MTU-comparing unit; and an event-processing,
unmt for updating the path MTU recorded in the predeter-
mined packet to be the mternal MTU 1if the detected path
MTU 1s larger than the internal MTU.

In the system, an extension header of the predetermined
packet with the path MTU recorded therein may comprise a
type field for representing whether a new path MTU 1s
detected; and a path MTU storage field for storing the new
path MTU therein to update a path MTU 1n the path MTU
storage field when the new path MTU 1s detected.

Furthermore, consistent with a further aspect of the present
invention, there 1s provided a method for discovering a path
MTU 1n a data communication network, comprising a {irst
step of detecting a path MTU recorded 1n a predetermined
packet transierred over a routing path between a source node
and a destination node and comparing the detected path MTU
with an internal MTU stored 1n the MTU-comparing unit; and
a second step of updating the path MTU recorded in the
predetermined packet to be the internal MTU 1f the detected
path MTU 1s larger than the internal MTU.

In the method, an extension header of the predetermined
packet with the path MTU recorded therein may comprise a
type field for representing whether a new path MTU 1s
detected; and a path MTU storage field for storing the new
path MTU therein to update a path MTU 1n the path MTU
storage field when the new path MTU 1s detected.

Moreover, consistent with a still further aspect of the
present invention, there 1s provided a method for discovering
a path MTU 1n a data communication network, comprising a
first step of transmitting, by a source node, a predetermined
packet to discover a path MTU on a routing path between the
source node and a destination node; a second step of, by a
plurality of intermediate nodes positioned on the routing path
between the source and destination nodes, updating a path
MTU recorded 1n the predetermined packet and forwarding
the predetermined packet to the destination node; and a third
step of, by the destination node that has received the prede-
termined packet, detecting the path MTU recorded in the
predetermined packet, storing the detected path MTU therein,
and transmitting a response to the predetermined packet to the
source node.

The second step may comprise the steps of detecting a new
path M'TU recorded in the predetermined packet transierred
over the routing path between the source and destination
nodes and comparing the detected new path MTU with an
internal MTU stored 1n one of the intermediate units; and
updating the path MTU recorded 1n the predetermined packet
to be the internal MTU 1f the detected new path MTU 1s larger
than the internal MTU.

In the method, an extension header of the predetermined
packet with the path MTU recorded therein may comprise a
type field for representing whether the new path MTU 1s
detected; and a path MTU storage field for storing the new
path MTU therein to update a path MTU 1n the path MTU
storage field when the new path MTU 1s detected.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects and features of the present
invention will become apparent from the following descrip-
tion of exemplary embodiments given 1in conjunction with the
accompanying drawings, 1n which:
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FIG. 1 1s a view 1llustrating a path for transmitting a packet
between source and destination nodes:

FIG. 2 1s a view illustrating a method of transmitting a
packet with a minimum MTU size;

FI1G. 3 1s a view 1llustrating a method of determining a path
MTU using an ICMP error message and transmitting a
packet;

FIG. 4 1s a view illustrating determination of a path MTU
when a routing path 1s changed due to movement of a mobile
node;

FIGS. 5a to 5S¢ are views showing the configuration of a
system for discovering a path MTU 1n a data communication
network consistent with an exemplary embodiment of the
present invention;

FIGS. 6a and 65 show the format of an extension header of
a predetermined packet that 1s transferred over a routing path
to discover a path MTU consistent with an exemplary
embodiment of the present invention;

FI1G. 7 illustrates a method of detecting a path MTU using
a signal message when a routing path 1s changed due to
movement of a host, consistent with an exemplary embodi-
ment of the present invention;

FIG. 8 1s a view 1llustrating a method of determining a path
MTU between a mobile node and a correspondent node by
using a signal message, consistent with an exemplary
embodiment of the present invention; and

FI1G. 9 1s a view 1llustrating a method of determining a path
MTU between a mobile node and a correspondent node by
using a data packet, consistent with an exemplary embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, exemplary embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings, so that those skilled 1n the art to which the
present invention pertains can more easily implement the
present invention.

FI1G. 4 1s a view 1llustrating determination of a path MTU
when a routing path 1s changed due to movement of a mobile
node, on the basis of which an exemplary embodiment of the
present invention as illustrated 1in FIGS. 5a through 9 will be
described.

A data communication network shown 1n FIG. 4 comprises
mobile nodes 400 and 500 either of which would be a source
node or destination node, correspondent nodes 560 and 580
either of which would be a source node or destination node,
first to fifth routers 430, 510, 530, 550 and 570 that would be
intermediate nodes, and a home agent 410.

The mobile nodes (MN) 400 and 500 refer to hosts chang-
ing their network connection positions. The correspondent
nodes (CN) 560 and 380 refer to hosts communicating with
the mobile nodes 400 and 500. Here, each of the mobile and
correspondent nodes might be either a source node or desti-
nation node during packet transmission and reception pro-
CEeSSes.

A home link 420 1s a link 1n which a subnet prefix of the
mobile node 400 1s defined, and a standard IP routing mecha-
nism forwards packets, which are to be directed to a home
address of the mobile node, to the home link of the mobile
node. A foreign link 520 refers to any link other than the home
link 420. The first to fifth routers 430, 510, 530, 550 and 570
are devices for interconnecting separate networks that use the
same transmission protocol. That 1s, the routers interconnect
network layers.

The home agent 410 refers to a router on the home link 420
of the mobile node 400 1n which the mobile node 400 registers
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6

a current care-of address (hereinatter, referred to as ‘COA’) of
the mobile node. While the mobile node 400 1s separated from
the home link 420, the home agent 410 1ntercepts packets on
the home link 420, which are to be directed to the home
address of the mobile node 400, encapsulates the itercepted
packets and then performs tunneling of the packets to the
registered COA of the mobile node. A first subdomain 440 1s
constructed with the mobile node 400, the home agent 410,
the home link 420 and the router 430.

Further, 11 the mobile node 400 departs from the first sub-
domain 440 and is then present 1n a second subdomain 540,
the second subdomain 340 1s constructed with the mobile
node 500, a foreign agent or second router 510 functioning as
an agent of the foreign link 520, and a third router 530 that 1s
a gateway for providing a function of Internet connection to
the second domain 540.

In addition, there 1s a first correspondent node 560 com-
municating with the mobile node via an Internet network and
a fourth router 550, and a second correspondent node 580
connected to the Internet network via a fifth router 570.

As shown 1n FIG. 4, 11 a routing path 1s changed due to
movement of the mobile node, a new path M'TU should be
determined 1nstead of an existing path MTU. That 1s, 1f the
mobile node 400 departs from the home link 420 and then
moves 1nto the foreign link 520, a routing path to the first
correspondent node 560 1s changed from a path consisting of
the mobile node 400, the home agent 410, the first router 430,
the fourth router 550 and the first correspondent node 560 to
a path consisting of the mobile node 500, the second router
510, the third router 530, the first router 430, the fourth router
550 and the first correspondent node 560. The path MTU 1s
also newly updated in response to the change of the routing
path. Thus, every time the mobile node 400 moves 1nto the
foreign link 520, a new path MTU determination process 1s
required.

FIGS. 3a to 3¢ are views showing the configuration of a
system for discovering a path MTU 1n a data communication
network consistent with an exemplary embodiment of the
present invention.

FIG. Sa 1s a view showing the configuration of a source or
destination node. A source or destination node 635 comprises
a user interface 600, a user environment-managing unit 605,
a path MTU-1nitializing unit 610, a third path MTU-deter-
mining unit 615, a third path MTU-storing unmit 620, and a
third event-processing unit 625.

As shown 1n FIG. 5a, the user environment-managing unit
605 recerves mput from a user, 1.€. the user iterface 600,
coniigures and stores environments for a path MTU discovery
system, such as selection of a path MTU discovery method.

The path MTU-imtializing unit 610 mitializes the path
MTU discovery system according to system information
from the user environment-managing unit 605. For example,
the path MTU-1itializing unit 610 functions to 1mtialize a
path MTU cache, select a path MTU discovery method by
which a path MTU is detected by sending a predetermined
packet on arouting path, and in1tialize a maximum packet size
(of which the default value 1s 1,280 bytes) capable of being
transmitted and a period of iterative execution of a path MTU
discovery process 1n order to discover a path MTU.

The third path MTU-determining unit 615 determines
whether any path MTU discovery 1s required. The third path
MTU-determining unit 615 records the initial value (i.e.
“NULL) of the path MTU 1n a predetermined packet trans-
mitted over the routing path according to a path MTU discov-
ery method that 1s set 1n the user environment-managing unit
605 to discover the path MTU. By way of example, the
predetermined packet for use 1 the path MTU discovery
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method consistent with the exemplary embodiment of the
present invention may be a signal message or a data packet.
The signal message may include a binding update (hereinat-
ter referred to as ‘BU’ ) message. The path MTU 1s set in the
signal message and an extension header of the data packet.

The third event-processing unit 623 sends or recetves an
event 630 externally. The event 630 refers to all the signals
that are input or output into or from the source or destination
node. In the exemplary embodiment of the present invention,
the event 630, may include a router solicitation message, a
router advertisement message, a BU message, a binding
acknowledge (hereinafter referred to as ‘BA’) message, a data
packet, an ICMP error message, and the like.

The event 630 may also be the predetermined packet on
which the path M TU 1s recorded. Accordingly, when the third

event-processing unit 625 recerves a signal, which notifies a
need for discovering a path MTU, from the third path MTU-

determining unit 615, 1t sends a predetermined packet on
which an 1nmitial value of the path MTU 1s recorded, to the
outside.

When the third event-processing unit 623 receives a pre-
determined packet on which a path MTU between the source
and destination nodes 1s recorded, 1t detects the path MTU
from the predetermined packet. The detected path MTU 1s
torwarded to the third path MTU-determiming unit 615. The
third path MTU-determining unit 615 performs fragmenta-
tion of the packet according to the size of the detected path
MTU. The path MTU-storing unit 620 stores the detected
path MTU therein and in an extension header of the predeter-
mined packet.

FIG. 56 1s a view showing the configuration of a router
among mtermediate nodes. As shown 1n FI1G. 55, a router 650
comprises a first MTU-comparing unit 640 and a first event-
processing unit 645.

Anevent 630, 1.¢. a predetermined packet for discovering a
path MTU, 1s externally input into the first MTU-comparing,
unit 640. The first MTU-comparing unit 640 detects the path
MTU recorded on the predetermined packet and compares 1t
with the link MTU of the first MTU-comparing unit. If the
path MTU 1s larger than the link MTU, the first MTU-com-
paring unit 1structs the first event-processing unit 645 to
update the path MTU.

The first event-processing unit 645 updates the path MTU,
which has been recorded on the predetermined packet, to
contain its own link MTU. The first event-processing unit 643
also forwards the updated packet to any other intermediate
node on the routing path.

FIG. 5¢ 1s a view showing the configuration of a home
agent among intermediate nodes. As shown in FIG. 5¢, a
home agent 680 comprises a second MTU-comparing unit
653, a second event-processing unit 660, a second path MTU-
determining unit 665 and a second path MTU-storing unit
670.

An event 630, 1.e. a predetermined packet for discovering a
path M TU, 1s externally input into the second MTU-compar-
ing unit 635. The second MTU-comparing unit 655 detects a
path MTU recorded on the predetermined packet and com-
pares 1t with a link MTU of the second MTU-comparing unit
or a path MTU of a predetermined node interval. The second
MTU-comparing unit 655 forwards a comparison result to the
second event-processing unit 660.

If the path MTU recorded on the predetermined packet 1s
larger than the link MTU of the second event-processing unit
660 or the path MTU of the predetermined node interval, the
second event-processing unit 660 instructs the second path
MTU-determining unmt 663 to update the path MTU.
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The second path MTU-determining unit 665 updates the
path MTU recorded on the predetermined packet to contain
the link MTU of the second path MTU-determining unit or
the path MTU of the predetermined node interval. The
updated path MTU 1s stored 1n the second path MTU-storing
umt 670.

The second path MTU-determining unit 665 also 1nstructs
the first event-processing unit 645 to forward the predeter-
mined packet to other intermediate nodes on the routing path.
Alternatively, the second path MTU-determining unit 663
istructs the first event-processing unit 645 to transmit a
response to the predetermined packet. The predetermined
packet may be a signal message or data packet. The signal
message, for example, may include a BU message. Thus, the
response to the predetermined packet may include a BA mes-
sage or an ICMP error message.

FIGS. 6a and 65 the format of an extension header of a
predetermined packet that is transierred over a routing path to
discover a path MTU consistent with an exemplary embodi-
ment of the present invention. The present invention 1s not
limited to IPv6.

As shown 1in FIGS. 64 and 65, the extension header com-
prises a next header field 1510 or 1610, an extension header
length field 1520 or 1620, a type field 1530 or 1630, a payload
length field 1540 or 1640, and a path M TU storage field 1550
or 1650.

FIG. 6a 1s a view showing a format of an extension header
in a case of updating a MTU to discover a path MTU. FIG. 65
1s a view showing a format of an extension header when a path
MTU has been discovered. The next header field 1510 or
1610 represents the type of a subsequent header. The exten-
sion header length field 1520 or 1620 defines the number of
bytes of the extension header. The payload length field 1540
or 1640 defines the length of a payload.

The type field 1530 or 1630 represents whether the path
MTU discovery system 1s detecting a path MTU or has dis-
covered a final path MTU of the source and destination nodes.
As shown 1n FIG. 6a, when the path M'TU discovery system
1s detecting the path MTU, the type field 1530 1s 0. As shown
in FIG. 6b, when the path MTU discovery system has discov-
ered the final path MTU of the source and destination nodes,

the type field 1630 1s 1.

The path MTU storage field 1550 or 1650 1s a field storing,
therein the detected path M'TU. As shown 1n FIG. 6a, when
the path MTU discovery system 1s detecting the path MTU,
the path N=storage field 1550 contains the detected path
MTU on the routing path between the source and destination
nodes. As shown in FIG. 65, when the path MTU discovery
system has discovered the final path MTU of the source and
destination nodes, the path MTU storage field 1650 contains
a final path M'TU on the routing path between the source and
destination nodes.

FIGS. 7 to 9 illustrate methods of determining a path MTU
in a data communication network consistent with exemplary
embodiments of the present invention. FIGS. 7 to 9 will be
described based on the data communication network of FIG.
4.

FIG. 7 illustrates a method of detecting a path MTU using
a signal message when a routing path 1s changed due to
movement of a mobile node or a host, consistent with an
exemplary embodiment of the present invention. The signal
message mncludes a BU message.

As shown in FI1G. 4, when the mobile node 400 present on
the home link 420 moves 1nto the foreign link 520, the mobile
node 500 sends a router solicitation message to the second
router 510 and recerves a router advertisement message from
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the second router 510 (S1100, S1110). The mobile node
recognizes from this process that it has moved.

After recognizing the movement, the mobile node 500
acquires a care-oi address (COA) through an address auto-
configuration, and informs the home agent 410 and the first
correspondent node 560 1n communication with each other,
of the COA by using the BU message.

In this case, the mobile node 500 records an initial value
(“NULL”) of the path MTU 1n the signal message and trans-
mits the resultant signal message (S1120). The path MTU 1s
recorded on the extension header of the signal message.

The second router 510 that has recerved the initial value
(“NULL”) of the path MTU confirms that the path MTU has
the mitial value (“NULL”), and updates the path MTU by
storing a link MTU (2,000 bytes) of the second router on the
path MTU storage field. The second router 510 also forwards
the BU message to the third router 510 (51130).

The third router 530 updates the path MTU storage field to
contain i1ts own link MTU (1,300 bytes) of the third router
since the path MTU (2,000 bytes) of the recerved message 1s
larger than the link MTU (1,300 bytes) of the third router. The
third router 530 also forwards the BU message to the first
router 430 (51140). In this case, the first router 430 forwards
the BU message to the home agent 410 since the path MTU
(1,300 bytes) of the received BU message 1s smaller than the
link MTU (1,400 bytes) of the first router (S1140).

Since the path MTU (1,300 bytes) of the recerved BU
message 1s smaller than the link MTU (1,800 bytes) of the
home agent 410, the home agent 410 stores the path MTU
recorded on the path MTU storage field of the BU message
(1.e. a final path M'TU between the mobile node 500 and the
home agent 410) (heremafter referred to as ‘PMTUmh’)
therein.

The home agent 410 also sends a BA message as aresponse
to the BU message to the mobile node 500. With the BA

message, the mobile node 500 detects the PMTUmh (1,300
bytes) recorded on the BA message while retaiming the bind-
ing information (S1150). The mobile node 500 stores the
PMTUmbh (1,300 bytes), which has been forwarded through
the BA message, therein.

The home agent 410 discovers a path MTU between the
mobile node 500 and the first correspondent node 560
through the atorementioned path MTU discovery method by
torwarding the BU message to the first correspondent node
560 1n communication. In this case, the first correspondent
node 560 sends a BA message as a response to the BU mes-
sage to the mobile node 500. In response to the BA message,
the mobile node 500 keeps the binding information and dis-
covers the path MTU.

FI1G. 8 1s a view 1llustrating a method of determining a path
MTU between a mobile node or a host and a correspondent
node using a signal message when a routing path 1s changed
due to movement of the mobile node or host, consistent with
an exemplary embodiment of the present invention.

FIG. 8 illustrates a method of determining a path MTU
between the mobile node 500 and the second correspondent
node 580, not 1n communication with each other, by using a
signal message.

First, as 1llustrated 1n FIG. 8, the path MTU and binding
information between the mobile node 500 and the home agent
410 are kept. The second correspondent node 580 that 1s not
in communication with the mobile node 5300 does not recog-
nize a new COA and path MTU of the mobile node 500.
Accordingly, the second correspondent node 580 forwards a
first data packet having an existing path MTU (1,500 byte) via
the home agent 410 to the mobile node 500 (51200). Since the

s1ze of the first data packet (1,500 byte) 1s not larger than the
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link MTU of the second correspondent node 580, fifth router
570 and first router 430, the first data packet 1s sent to the
home agent 410 via the fifth router 570 and the first router
430.

At this time, the home agent 410 compares the size of the
received first data packet (1,500 bytes) with the size of the
final path M'TU between the mobile node 500 and the hom
agent 410, 1.e. PMTUmh (1,300 bytes), which 1s stored in the
home agent. Here, since the size of the received first data
packet is larger than the PMTUmbh, the home agent 410 sends
an ICMP error message (Packet too big, MTU=1,300) to the
second correspondent node 580 (51210).

The second correspondent node 580 performs fragmenta-
tion of the packet and resends a first data packet having a path
MTU o1 1,300 bytes (S1220). The size of the first data packet
(1,300 bytes) 1s not larger than the link MTU of the second
correspondent node 580, second router 370 and first router
430, the first data packet 1s sent to the home agent 410 via the
fifth router 570 and the first router 430.

At this time, the home agent 410 compares the size of the
received first data packet (1,300 bytes) with that of the final
path MTU, 1.e. PMTUmbh (1,300 bytes), stored therein. Since
they are of the same, the first data packet arrives at the mobile
node 500 via the first router 430, third router 530 and second
router 310 (51230).

When such a process 1s completed, the binding update
process 1s performed between the mobile node 50Q) and the
second correspondent node 380, as illustrated 1n FIG. 7
(51240~51270). A description of the binding update process
will be omitted herein since 1t 1s of the same as 1llustrated in
FIG. 7. However, contrary to the method illustrated in F1G. 7,
the home agent 410 forwards the BU message to the second
correspondent node 580 in the method illustrated 1n FIG. 8

since the path MTU of the BU message (1,300 bytes) received
from the first router 430 1s smaller than the link MTU of the
home agent (1,800 bytes) (51260).

The first router 430, the fifth router 570 and the second
correspondent node 580 are subjected to the path MTU-up-
dating process, respectively, and the second correspondent
node 580 stores the path MTU recorded 1n the received BU
message (1.¢. final path MTU between the mobile and corre-
spondent nodes; hereinafter referred to as “PMTUmc”).

The second correspondent node 580 also sends a BA mes-
sage as a response to the BU message to the mobile node 500.
With the BA message, the mobile node 500 detects the
PMTUmc (1,300 bytes) recorded in the BA message while
keeping the binding mnformation (51150). When the binding
update process 1s completed, the final path MTU between the
mobile node 500 and the second correspondent node 580
becomes 1,300 bytes.

FIG. 9 1s a view 1llustrating a method of determining a path
MTU between a mobile node or a host and a correspondent
node by using a data packet when a routing path 1s changed
due to movement of the mobile node or host, consistent with
an exemplary embodiment of the present invention. The path
MTU 1s detected using the signal message 1n the exemplary
embodiment of the present invention 1llustrated 1n FIG. 7, but
it 1s detected using the first data packet in the exemplary
embodiment of the present invention illustrated in FIG. 9.

As shown 1n FIG. 4, 11 the mobile node 400 present on the
home link 420 moves ito the foreign link 520, the mobile
node 500 sends a router solicitation message to the second
router 510 and recerves a router advertisement message from
the second router 510 (S1300, S1310). The mobile node
recognizes from this process that 1t has moved.

The mobile node 500 acquires a COA through an address
auto-configuration after recognizing the movement. With the
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BU message, the mobile node 500 informs both the home
agent 410 and the first correspondent node 500, which 1s 1n
communication with the mobile node, of the COA (51320,
S51330).

Further, 1n response to the BU message, the home agent
410 and the first correspondent node 560 send a BA message
to the mobile node 500 and keep the binding information
(S1320, S1330). When the mobile node 500 completes the
binding process with both the home agent 410 and the first
correspondent node 560, the mobile node 500, the home
agent 410 and the first correspondent node 560 can transier
data packets to one another.

In this case, when the first correspondent node 560 trans-
mits the first data packet to the mobile node 500, 1t initializes
a path MTU storage field in the first data packet to be
“NULL,” limaits the length of a maximum packet (hereinatter
referred to as “Lm™) and then transmuits the first data packet
(S1340). Here, in the embodiment of the present mvention,
the Lm means the length of a maximum data packet capable
of being sent on a path without packet fragmentation. A
default value of the Lm 1s 1,280 bytes and may be set to a
value smaller than 1,280 bytes in consideration of a tunneling,
header.

The fourth router 550 that has recerved the first data packet
updates the path MTU storage field (“NULL”) of the first data
packet to contain 1ts own link MTU (1,600 bytes).

The fourth router 550 also forwards the first data packet to
the first router 430. When the first data packet (Path MTU=1,
600 bytes, Packet size=Lm) sequentially passes through the
tourth router 550, the first router 430, the home agent 410 and
the first router 430, the path MTU (1,600 bytes) of the first
data packet 1s smaller than each of the link MTUs (1,700;
1,800 and 1,800 bytes) between the relevant nodes. Conse-
quently, the path MTU of the received data packet 1s for-
warded to a subsequent node as 1t 1s, without being updated

(S1350).

Further, since the path M'TU (1,600 bytes) of the first data
packet 1s larger than the link MTU (1,400 bytes) of the third
router 530 that has recerved the first data packet, the third
router 530 updates the path M TU storage field to contain its
own link MTU (1,400 bytes) and then forwards the first data
packet to the second router 510 (S1360).

Moreover, since the path MTU (1,400 bytes) of the first
data packet 1s larger than the link MTU (1,300 bytes) of the
second router 510 that has recerved the first data packet, the

second router updates the path MTU storage field to contain
its own link MTU (1,300 bytes) of the second router and then

torwards the first data packet to the mobile node 500 (51370).

The mobile node 500 that will receive the first data packet
accepts the first data packet since the path MTU (1,300 bytes)
of the first data packet 1s smaller than the link MTU (2,000
bytes) of the mobile node 500. The mobile node 500 also
stores the path MTU recorded in the first data packet (final
path MTU between the mobile and correspondent nodes;
PMTUmc) therein.

Further, the mobile node 500 sends a response message of
the first data packet to the first correspondent node 560 so as

to forward the final path MTU (1,300 bytes) (S1380). The first
correspondent node 560 stores the final path MTU (1,300
bytes) forwarded through the response message therein.

The apparatus, system and method for discovering a path
MTU in a communication network consistent with the exem-
plary embodiments of the present invention described above
may be applied to a wired network as well as a wireless
network.

The present invention suggests a method and system for
determining the path MTU between the source and destina-
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tion nodes using the signal message or first data packet
according to user environment settings.

With the system and method for discovering apath MTU 1n
a data communication network consistent with the present
invention, time occupying a foreign network can be reduced,
thereby effectively using the foreign network without being
significantly influenced by the foreign network. Conse-
quently, it 1s possible to minimize the generation of ICMP
error messages (Packet too big) and retransmitted messages
involved in the path MTU determination process. This results
in a remarkable reduction of network load on a transmission
path and minimization of load on each node in packet retrans-
mission.

Furthermore, a path M'TU suitable for communication con-
ditions can be detected by allowing a user to preset a path
MTU detection method for discovering a path MTU through
an external iterface or to use default values of the system.

Although the present invention has been described in detail
in connection with the exemplary embodiments, 1t 1s not
limited thereto and those skilled 1n the art can make various
changes and modifications within the scope and technical
spirit of the mvention.

What 1s claimed 1s:

1. A network apparatus for discovering a path maximum
transmission unit (MTU) 1n a data communication network,
comprising:

a MTU-comparer detecting a path MTU recorded on a
predetermined packet transferred over a routing path
between a source node and a destination node and com-
paring the detected path MTU with an internal MTU
stored 1n the MTU-comparer; and

an event-processor updating the path MTU recorded on the
predetermined packet to contain the internal MTU 11 the
detected path MTU 1s larger than the internal MTU,

wherein an extension header of the predetermined packet
with the path MTU recorded thereon comprises:

a type field representing whether a new path MTU 1s
detected; and

a path MTU storage field, which 1s mitialized to a null
value by at least one of the source node and the des-
tination node, storing the new path MTU therein to
update a path MTU 1n the path MTU storage field
when the new path MTU 1s detected, and

wherein the predetermined packet comprises at least one of
a data packet and a binding update message packet,

wherein the routing path between the source node and the
destination node comprises at least one intermediate
node,

one intermediate node which has receirved the predeter-
mined packet updates the path MTU 1n the received
predetermined packet 1f the path MTU 1n the received
predetermined packet 1s larger than the internal MTU on
the one intermediate node and forwards the received
predetermined packet to next intermediate node or the
destination node.

2. The apparatus as claimed 1n claim 1, wherein the internal

MTU comprises a link MTU.

3. The apparatus as claimed 1n claim 1, wherein the prede-
termined packet comprises the binding update signal message
packet sent between the source node and the destination node,
and

wherein, 1n response to recerving the binding update signal
message packet, the destination node transmits a bind-
ing acknowledgement signal message packet to the
source node.

4. The apparatus as claimed 1n claim 1, wherein the prede-

termined packet comprises the data packet, the data packet
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comprising a data packet that 1s sent first between the source
node and the destination node among data packets sent
between the source node and the destination node.

5. The apparatus as claimed 1n claim 1, wherein the internal
MTU comprises at least one of a path MTU and a link MTU.

6. The apparatus as claimed in claim 5, wherein the prede-
termined packet comprises the binding update signal message
packet sent between the source node and the destination node,
and

wherein, 1n response to recerving the binding update signal
message packet, the destination node transmits a bind-
ing acknowledgement signal message packet to the
source node.

7. The apparatus as claimed 1n claim 5, wherein the prede-
termined packet comprises the data packet, the data packet
comprising a data packet that 1s sent first between the source
node and the destination node among data packets sent
between the source node and the destination node.

8. A system for discovering a path maximum transmission
unit (MTU) 1n a data communication network, comprising;:

a source node transmitting a predetermined packet 1n order
to discover a path MTU on a routing path, the predeter-
mined packet comprising at least one of a data packet
and a binding update message packet;

a destination node receiving the predetermined packet,
detecting a path MTU recorded in the predetermined
packet, storing the detected path MTU therein, and
transmitting a response to the predetermined packet to
the source node; and

at least one mtermediate node positioned on the routing
path between the source and destination nodes to for-
ward the predetermined packet,

wherein an extension header of the predetermined packet
with the path MTU recorded therein comprises:

a type field representing whether a new path MTU 1s
detected; and

apath MTU storage field, which 1s initialized to anull value
by at least one of the source node and the destination
node, storing the new path MTU therein to update a path
MTU 1in the path MTU storage field when the new path
MTU 1s detected,

wherein the routing path between the source node and the
destination node comprises at least one intermediate
node,

one mtermediate node which has receiwved the predeter-
mined packet updates the path MTU 1n the received
predetermined packet 1f the path MTU 1n the received
predetermined packet 1s larger than the internal MTU on
the one intermediate node and forwards the received
predetermined packet to next intermediate node or the
destination node.

9. The system as claimed in claim 8, wherein the at least

one intermediate node comprises:

a MTU-comparer detecting the path MTU recorded on the
predetermined packet forwarded over the routing path
between the source and destination nodes and compar-
ing the detected path M'TU with an internal M'TU stored
in the M'TU-comparer; and

an event-processor updating the path MTU recorded on the
predetermined packet to contain the internal MTU 11 the
detected path MTU 1s larger than the internal MTU.

10. A method for discovering a path maximum transmis-
sion unit (IMTU) 1n a data communication network, compris-
ng:

detecting a path MTU recorded on a predetermined packet
transierred over a routing path between a source node
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and a destination node and comparing the detected path
MTU with an internal M'TU stored in a MTU-comparer;
and

updating the path MTU recorded 1n the predetermined
packet to contain the internal MTU 1f the detected path
MTU 1s larger than the internal MTU,

wherein an extension header of the predetermined packet
with the path MTU recorded therein comprises:
a type field representing whether a new path MTU 1s
detected; and
a path MTU storage field, which 1s mitialized to a null
value by at least one of the source node and the des-

tination node, storing the new path M'TU therein to
update a path MTU in the path MTU storage field
when the new path MTU 1s detected, and
wherein the predetermined packet comprises at least one of
a data packet and a binding update message packet,
wherein the routing path between the source node and the
destination node comprises at least one intermediate
node,
one intermediate node which has receirved the predeter-
mined packet updates the path MTU 1n the received
predetermined packet 1f the path MTU 1n the received
predetermined packet 1s larger than the internal MTU on
the one intermediate node and forwards the received
predetermined packet to next intermediate node or the
destination node.
11. The method as claimed 1n claim 10, wherein the inter-
nal MTU comprises a link MTU.
12. The method as claimed in claim 11, wherein the pre-
determined packet comprises a signal message.
13. The method as claimed in claim 11, wherein the pre-

determined packet comprises a data packet.

14. The method as claimed 1n claim 10, wherein the inter-
nal MTU comprises a path MTU.

15. The method as claimed in claim 14, wherein the pre-
determined packet comprises a signal message.

16. The method as claimed in claim 14, wherein the pre-
determined packet comprises a data packet.

17. A method for discovering a path maximum transmis-
sion unit (MTU) 1n a data communication network, compris-
ng:

transmitting, by a source node, a predetermined packet to

discover a path MTU on a routing path between the
source node and a destination node, the predetermined
packet comprising at least one of a data packet and a
binding update message packet;

updating, by at least one mtermediate node positioned on

the routing path between the source and destination
nodes, a path MTU recorded in the predetermined
packet and forwarding the predetermined packet to the
destination node; and

detecting, by the destination node that has receirved the

predetermined packet, the path MTU recorded 1n the
predetermined packet, storing the detected path MTU
therein, and transmitting a response to the predeter-
mined packet to the source node,

wherein an extension header of the predetermined packet

with the path MTU recorded therein comprises:

a type field representing whether the new path MTU 1s

detected; and

a path MTU storage field, which 1s mitialized to an null

value by at least one of the source node and the destina-

tion node, storing the new path MTU therein to update a
path MTU 1n the path MTU storage field when the new

path MTU 1s detected,
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wherein the routing path between the source node and the recorded 1n the predetermined packet and forwarding the
destination node comprises at least one intermediate predetermined packet to the destination node comprises:
node, detecting a new path M TU recorded on the predetermined
one intermediate node which has receiwved the predeter- packet transferred over the routing path between the
mined packet updates the path M1U 1n the received s source and destination nodes and comparing the
predetermined packet 1f the path MTU 1n the received detected new path MTU with an internal MTU stored in

predetermined packet 1s larger than the internal MTU on the at least one intermediate node: and

the one mtermediate node and forwards the received updating the path MTU recorded on the predetermined
predetermined packet to next intermediate node or the packet to be the internal MTU if the detected new path

destination node. _ _ _ _ _ 10 MTU is larger than the internal MTU.
18. The method as claimed 1n claim 13, wherein updating,

by the at least one intermediate node positioned on the routing,
path between the source and destination nodes, a path MTU k% %k
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